Introduction
Developmental retardation of in-vitro cultured preimplantation embryos is a well-known pheno¬ menon. Retardation, e.g. in rabbit embryos, is manifest both in quantitative terms such as cell number or embryo size (Pincus & Werthessen, 1938; Seidel, 1960; Daniel, 1967;  Staples, 1967; Onuma et ai, 1968; Adams, 1970; Anderson & Foote, 1975; Maurer & Beier, 1976 ; Kane & Headon, 1980; Kane, 1985; Stroebele-Mueller et ai, 1985) and qualitative terms like developmental delay before transfer (Seidel et ai, 1976) or embryoblast differentiation (Beier et ai, 1983) . The aim of the present study was to characterize further and quantify in-vitro retardation by using the technique of thymidine incorporation. Incorporation of this nucleoside is directly related to DNA synthesis which in turn is a prerequisite for cell proliferation and development. Measurement of thymidine incorporation leads both to a more objective judgement compared to subjective criteria such as embryonic staging (Fischer & Beier, 1986 ) and probably to a more predicative one compared to criteria like embryonic size or diameter.
Rabbit preimplantation embryos of different developmental stages were selected for the present study. Developmental retardation in vitro was investigated in 2 defined media supplemented with BSA or serum (referred to as 'standard media' in text). Beyond these routinely employed protein supplements, substitution with native, i.e. not biochemically processed or altered, uterine flushings was examined. Cell proliferation in such media was compared with growth after transient transfer into the uterus of synchronous recipients to measure the reversibility of developmental delay suffered in vitro.
Materials and Methods
Embryos. Sexually mature rabbits of mixed breeds were induced to superovulate by 0-3 mg FSH-P (Burns Biotec, Omaha, NE, U.S.A.) subcutaneously twice daily for 3 consecutive days. Spontaneous In-vitro culture. Medium BSM II (Kane, 1969; Maurer, 1978) containing 0-1 % BSA (No. 11920, Serva. Heidelberg, FRG) was used for flushing. In-vitro culture was performed in 2 ml culture medium poured into culture dishes which were inserted into sterile Petri dishes (Falcon 1029, Becton-Dickinson, Heidelberg, FRG). Sterile NaCl was dropped into the Petri dishes to minimize physico-chemical changes of the medium during culture. The Petri dishes were maintained in a water-jacketed incubator (Forma Scientific Mod. 3171, Labotect, Göttingen, FRG) at 37°C, saturation humidity, and under a gas phase of 5% C02 in air. Up to 10-15 embryos were cultured in 2 ml medium.
Culture media. The basic culture media used were BSM II (Kane, 1969; Maurer, 1978 ) and (Ham, 1963 (1980) have shown that the length of the S-phase of the cell cycle for cultured 3-day-old preimplantation mouse embryos was about 7-8 h, and G¡ and G2 + M 2-3 h each. The labelling of more than 50% of embryoblast and trophoblast cells after a 4-h incubation period was substantiated in rabbit embryos by autoradiography (unpub¬ lished observation). Possible radiotoxic effects had been investigated in preliminary studies using labelling periods for up to 32 h (data not shown) in which another 210 Day 4 embryos were used. A marked decrease in incorporation indicating degeneration of the labelled embryos occurred if exposure to tritriated thymidine exceeded 16 h.
After exposure to the radioisotope, the embryos were prepared for liquid scintillation counting essentially as described by Balling & Beier (1985) . Briefly, the processing involved washing (3 times Fig. 1 (Sachs, 1968 for uterine substituents.
Removal of the cellular components from uterine rinsings by centrifugation was examined with Day 4 embryos. Growth in centrifuged uterine flushings was slightly but not statistically significantly better than that in non-centrifuged samples (P > 005; u = 42 vä 38).
Transferred embryos
Thymidine incorporation in cultured and subsequently transferred embryos (Table 5 ) indicated no statistically significant differences between the media groups for Day 3 embryos, but diverse values for Day 4 blastocysts (P < 0001). Day 4 blastocysts which had been cultured in BSM + BSA before transfer showed even lower incorporation data than did embryos cultured in plus uterine flushings at the same time (P > 0-05) ( Table 3 ). The incorporation means of the other transfer groups were the highest found in this study for cultured embryos. In both stages thymidine incorporation exceeded in-vivo levels of 1 day older embryos, particularly in the Day 3 series (Table 5 ), but levels of 2-day older controls, equivalent in chronological age, were not reached. 
Discussion
Retardation of embryonic development during in-vitro culture is clearly demonstrable by means of thymidine incorporation studies. Extent of retardation is dependent on medium and supplement as well as from embryonic stage. Developmental delay after short-term culture seems to be reversible within a surprisingly short time in utero. Retardation can be quantified by comparing thymidine incorporation in non-cultured controls. Levels of Day 3-5 control embryos correspond closely to data given by Manes (1969) while Day 6 blastocysts yielded considerably higher values in the present study. Despite the change from an oviducal to a uterine environment and morphological and developmental differentiation, the rate of DNA synthesis, calculated on a per cell basis, remains virtually constant from Day 3 to Day 6 post coitum, confirming earlier findings by Manes (1969) .
In terms of incorporation data, retardation amounted to about 1 day for Day 3 embryos grown in standard media for 2 days. Delay was significantly more pronounced in Day 4 and Day 5 blasto¬ cysts. Day 3 embryos had been recovered as compacted morulae or early blastocysts from the oviduct. The older embryos were blastocysts (Day 4) or expanded blastocysts (Day 5) at the time of removal from the uterus. Beyond the present results there is further evidence that embryos which had been associated with the uterine milieu and/or have developed into blastocysts are more dependent on environmental factors to accomplish normal development than are younger embryos. Blastocysts of about 4 days of age are known to be very sensitive to unphysiological conditions (Chang, 1950; Daniel, 1967; Adams, 1973; Beier, 1974; McCarthy et ai, 1977) . In the present study, cell proliferation in Day 4 blastocysts cultured for 48 h was only insignificantly higher than in Day 4 controls, unless uterine constituents were provided in vitro (Table 3) . After early growth, Day 5 blastocysts started to degenerate as early as 24 h in vitro ( (Kane & Foote, 1970) . Criteria other than morphological staging (Fischer & Beier, 1986 ) and sequential estimates with various stages, however, seem to be more appropriate for comparing different media. Finally, the protein supplement appears to be at least as important as the medium itself (Table 2) . Serum supplementation was found to be superior to BSA which confirms observations for the mouse (Fishel & Surani, 1978; Sellens & Sherman, 1980) . Studies with rabbit embryos, however, could not prove this positive effect for all stages or criteria employed (Gulyas et ai, 1969; Manes, 1969; Van Blerkom & Manes, 1974 (Table 4) . BSA is known to be contaminated with non-albumin components (Kane & Headon, 1980) , varying between lots and resulting in a divergent growth promotion by different lots of commercial BSA (Kane, 1983) . In the present study, BSA from more than 2 lots was involved. Thus, a single sample cannot be accused for the poor development observed in BSA supplemented media.
Although various developmental stages and criteria have been examined, supplementation of culture media with uterine secretions is consistently reported to improve development of cul¬ tured rabbit embryos (Gulyas et ai, 1969; El-Banna & Daniel, 1972a, b; Maurer & Beier, 1976; McCarthy et ai, 1977; Guilbert-Blanchette & Lambert, 1978; Beier et ai, 1983) . In all these studies, treatment of uterine flushings by dialysis, lyophilization, fractionation, storage, or adjustment to a given protein concentration was involved. In most cases, best development occurred in unfractionated uterine flushings (El-Banna & Daniel, 1972b; Maurer & Beier, 1976; Beier et ai, 1983 Guilbert-Blanchette & Lambert (1978) found almost the same percentage of rabbit morulae developed into blastocysts in flushings derived from 'oestrous' or pseudopregnant rabbits of different times after hCG.
In earlier studies by El-Banna & Daniel (1972b) there was marked variability in the response of the embryos to supplementation with uterine protein fractions. Variation in embryo size and thymidine incorporation were also found in the present study. However, consistently higher incor¬ poration data were prominent in embryos derived from media, especially from Ham's medium, with added uterine flushings. Variability was lower than in most other groups investigated as judged by coefficients of variation (data not shown).
In the present study, complete compensation of developmental retardation caused by 24 h cul¬ ture in standard media was not accomplished when culture was continued in media supplemented with uterine flushings: incorporation levels of in-vivo controls or transferred embryos (Table 5) were not reached. In comparison, by 1 day after transfer the rise in incorporation data was 3-fold in Day 3 and 6-to 7-fold in Day 4 embryos. Hence, compensation was more pronounced with Day 4 blastocysts which had been more retarded during previous culture. Positive knowledge on compen¬ sation, however, demands further biological evidence for normal development, e.g. implantation
